INTRODUCTION
The understanding of surfactant adsorption is of importance for the application of surfactants for enhanced oil recovery (Mannhardt and Novosad, 1991; Kwok et al., 1995) and for surfactantenhanced soil remediation (West and Harwell, 1992; Jawitz et al., 1998; Torrens et al., 1998; Chapter 2) . Adsorption of surfactants is detrimental for these applications as it results in surfactant loss and reduced surfactant mobility. Furthermore, adsorption of surfactants may create new adsorption sites for hydrophobic compounds (Edwards et al., 1994) . Many commercially available surfactants such as linear alkylbenzenesulfonates (Nakae et al., 1981) and alcohol ethoxylates (Kibbey and Hayes, 1997) consist of multiple components. Natural surfactants also often are mixtures (Rendell et al., 1990; Jenny et al., 1991; Passeri et al., 1991; Davila et al., 1993; Kitamoto et al., 1993) . Multicomponent surfactants may change in composition during adsorption and transport, which can result in Wouter H. Noordman, Mark L. Brusseau, Dick B. Janssen. Submitted. altered surface active properties (Mannhardt and Novosad, 1991) . Insight into the adsorption behavior of multicomponent surfactants thus is needed for understanding surfactant transport and for optimal design of surfactant mixtures (Mannhardt and Novosad, 1991; West and Harwell, 1992) .
Rhamnolipid is a bacterial biosurfactant produced by several Pseudomonas species as a mixture of α-L-rhamnopyranosyl-ß-hydroxyalkanoyl-ß-hydroxyalkanoate and 2-O-α-L-rhamnopyranosyl-α-L-rhamnopyranosyl-ß-hydroxyalkanoyl-ß-hydroxyalkanoate species (Itoh et al., 1971; Rendell et al., 1990 ; Van-Dyke et al., 1993) . These biosurfactants resemble synthetic gemini surfactants because they contain two covalently linked head groups (a nonionic (di)rhamnopyranosyl and an anionic carboxylate head group) and two tails (Manne et al., 1997) . Rhamnolipid has potential for application in foods (Velikonja and Kosaric, 1994) , use as pest-control agent (Itoh et al., 1971; Stanghellini and Miller, 1997) , as a source of rhamnose (Linhardt et al., 1989) , and for the remediation of soils contaminated with sparingly soluble organic compounds and heavy metals (Zhang and Miller, 1992 ; Van-Dyke et al., 1993; Torrens et al., 1998; Chapter 2) . Favorable properties of rhamnolipid for application in soil remediation include the relatively low adsorption to soil and the solubilization characteristics, which are similar to those of synthetic surfactants (Chapter 2).
The factors that determine rhamnolipid adsorption to soil have not been elucidated and the occurrence of preferential adsorption of specific components has not been investigated. For application of rhamnolipid as well as of other multicomponent surfactants in situations where adsorption occurs, knowledge of the factors that determine surfactant adsorption and of preferential adsorption of individual components is indispensable. Therefore, we investigated the adsorption of the surfactant mixture and of the individual components to soil using batch adsorption and column experiments.
Two frequently used representative sandy soils, the Borden material and Eustis soil, were selected for this study (Rao et al., 1979; Brusseau et al., 1989; Ball and Roberts, 1991 ; Chapter 2).
MATERIALS AND METHODS
Soils and solutions. Two sandy soils, the Borden material and the Eustis soil, were used for this study (Table 2 .1). In all experiments, a background electrolyte solution was used which contained 10 mM KNO3, 10 mM Tris-HCl, pH 7.0, and 3 mM NaN3 (to suppress microbial activity) in MilliQ water.
Rhamnolipid. Rhamnolipid was produced by Pseudomonas aeruginosa UG2 ( Van-Dyke et al., 1993) and isolated by consecutive steps of acid precipitation and dissolution in aqueous NaHCO3 solution (Zhang and Miller, 1992) . Acid-precipitated rhamnolipid was purified by column chromatography over Sephadex LH20 with methanol as the eluent. Fractions were analyzed for rhamnolipid content and purity by TLC. Pooled fractions were evaporated to dryness and dissolved in water. The pH was adjusted to 7.0 using NaHCO3. The rhamnolipid concentration in this stock solution was determined using the 6-deoxyhexose assay with L-rhamnose as a standard (Chandrasekaran and BeMiller, 1980) . For this mixture, an average molecular weight of 588 and a rhamnose content of 0.45 (w/w) were calculated using the composition of the mixture as determined with HPLC. About 1.4 gram of purified rhamnolipid was isolated per liter of culture medium. This multicomponent surfactant mixture was used in all experiments.
Batch adsorption experiments. Adsorption of rhamnolipid to soil was measured in a 1:2 (w/v) soil:solution ratio in 8 ml pyrex tubes that were closed with aluminum coated septa. After 2-7 days of end-over-end rotation (1.4 rpm, room temperature), the incubation vessels were centrifuged at 3000 rpm for 20 min and subsequently the clear supernatant was analyzed for the concentration of total aqueous surfactant (C, µM) by surface tension measurements or, in a separate experiment, for the individual C20 components (C, µM) by HPLC. The adsorbed concentration of total surfactant or individual components (S, µmol/kg) was determined from the difference in the rhamnolipid concentration in the aqueous phase before and after adsorption. To determine the mass balances, the amount of adsorbed rhamnolipid was measured after removal of the aqueous phase by extracting several soil pellets three times with methanol. These mass balance checks revealed a total rhamnolipid recovery of 92-124%. Five initial concentrations (85 -1275 µM), in triplicate, were used to determine the isotherms of total surfactant. Nineteen initial concentrations (2 -2000 µM) were used to determine the isotherms for the individual components.
One batch adsorption experiment was performed on a larger scale by contacting 37.5 g Borden soil and 75 mL 700 µM rhamnolipid solution. After equilibration for 24 h, the aqueous phase was removed, analyzed by HPLC, and concentrated by lyophilization. The cmc of this concentrated mixture was determined using surface tension measurements. All adsorption experiments were performed at 22 ± 2 o C. Column experiments. The experimental setup for the column studies was described previously by Noordman et al. (Chapter 2) . A stainless steel column of 7.0 cm length and 2.2 cm i.d. was used. The bulk density (ρ) and porosity (θ) were determined gravimetrically. Flow rates and pore water velocities used were 0.4 mL/min and 20 cm/h, respectively, for Borden material and 2 mL/min and 90 cm/h, respectively, for Eustis soil, unless specified otherwise. The experiments were performed at 22 ± 2 o C. Breakthrough of the conservative tracer pentafluorobenzoic acid was analyzed using a flow-through variable wavelength detector at 250 nm. For the experiments with rhamnolipid, the column effluent was directed to a fraction collector and analyzed for rhamnolipid using surface tension measurements or, in independent experiments, by HPLC. After the effluent concentration reached the concentration in the influent (C0, 34 or 850 µM total rhamnolipid), elution was continued with a rhamnolipid-free solution. The experiments were continued until the effluent contained extremely low (surface tension > 69 mN/m) or no detectable amount of rhamnolipid.
The Peclet number for each column was determined by analysis of the breakthrough curve of the conservative tracer with a local equilibrium advective-dispersive transport model using nonlinear least squares optimization (Parker and Van Genuchten, 1984) . The retardation factors (R) for total surfactant and for the components were determined from the area above the frontal limb of the breakthrough curves. Moment analysis revealed a total recovery of rhamnolipid of 96% to 116%.
Analytical procedures. The surface tension of aqueous rhamnolipid solutions was measured using a du Nouy ring tensiometer (Fischer Scientific, model 21, Pittsburgh, Pa) . Surfactant concentrations were determined quantitatively by surface tension measurements after dilution to concentrations where the surface tension was linearly correlated with the logarithm of the aqueous concentration (1-20 µM total rhamnolipid, experimental error 5%). The surface tension analyses were calibrated with dilutions of the rhamnolipid stock solution. The surface tension of the electrolyte solution was higher than 70 mN/m.
Rhamnolipid was analyzed by HPLC using a Merck AS 4000 autosampler, a Merck L-6200 pump, and a Chromsphere PAH 100 mm column (Chrompack, Bergen op Zoom, The Netherlands). Detection was done using an evaporative light scattering detector (ELSD, MARK III, Varex, Burtonsville, USA) (Bear, 1988; Davila et al., 1993; Arino et al., 1996; Kibbey and Hayes, 1997) . Two sets of conditions were used. For the standard conditions, the mobile phase contained 55% acetonitrile, 45% water, and 0.03% trifluoroacetic acid (isocratic); the flow rate was 0.5 mL/min; the injection volume was 150 µL; the ELSD drift tube temperature was 100 o C; and the nebulizer flow was 1.5 L/min. For the analysis of samples with low rhamnolipid concentrations, the mobile phase contained 35% water, 45% acetonitrile, 20% methanol, and 0.03% trifluoroacetic acid (isocratic); the flow rate was 0.5 mL/min; the injection volume was 500 µL; the ELSD drift tube temperature was 80 o C; and the nebulizer flow was 1.0 L/min. Because pure components were not available, the mass fractions of the individual rhamnolipid species in the stock solution were determined from their respective relative peak areas at a total rhamnolipid concentration of 850 µM assuming that the ELSD response is directly related to the mass of compounds applied (Bear, 1988) . The mass fractions thus obtained allowed calculation of the mole fractions of the components in the mixture, the rhamnose content, and the average molecular weight (Table 4 .1).
The lipid components of rhamnolipid where analyzed by GC-MS after hydrolysis and methylation of the total surfactant mixture (Lageveen et al., 1988) . For the HPLC-MS analysis of the rhamnolipid produced by strain UG2, 50 nmol (50 µL of an aqueous solution containing 1 mM purified rhamnolipid) was separated by HPLC as described above. The HPLC eluate was directly introduced into a Nermag R 3010 triple quadropole mass spectrometer operated in negative ion mode using an ionization potential of 3.5 kV and a nozzle potential of 70 V.
RESULTS AND DISCUSSION
Analysis and composition of rhamnolipid. The rhamnolipid produced by Pseudomonas aeruginosa strain UG2 was analyzed by mass spectrometry to determine the composition of the mixture. GC-MS analysis of the methylated fatty acids of total rhamnolipid showed mass spectra corresponding to the methyl esters of β-hydroxydecanoic acid and β-hydroxydodecanoic acid. An HPLC-ELSD chromatogram of the surfactant showed six rhamnolipid components: C18RL2, C18RL1, C20RL2, C20RL1, C22:1RL2, and C22RL2 ( Fig. 4 .1). The abbreviation Cx(:y)RLn designates the individual component with x as the total number of carbon atoms in the lipid moieties, y as the number of unsaturated bonds in the lipid moieties, and n as the number of rhamnose groups. These components were identified by HPLC-MS (Table 4 .1). The small peak that eluted between C20RL2 and C22:1RL2 showed a large signal at a m/z of 777, which is the expected value for C21RL2. However, since a C11-lipid was not observed with GC-MS and the presence of odd-numbered lipids in rhamnolipid has never been reported, identification of this component as C21RL2 would need further investigation. The main component C20RL2 constituted almost 50 mole% of the mixture. The combined HPLC-MS and GC-MS analysis indicated that rhamnolipid produced by strain UG2 was a mixture of monorhamnolipids and dirhamnolipids, mainly containing β-hydroxydecanoic acid moieties, but also β-hydroxy-octanoic, -dodecenoic and -dodecanoic acid moieties. This has also been found for other strains (Rendell et al., 1990; Arino et al., 1996) .
HPLC-ELSD was used to determine the concentration of the rhamnolipid components in subsequent experiments. When the standard set of experimental conditions was used, the concentrations of individual rhamnolipids could be determined in the range of 8 to 1700 µM with high accuracy (experimental error 3%). For lower concentrations, the use of a different eluent allowed operation of the ELSD at a lower nebulizer flow rate and drift tube temperature. This, together with a larger injection volume, increased the sensitivity of the analysis and allowed determination of individual components down to 1 µM with a maximal experimental error of 10% at the lowest concentration. The ELSD response was linear with the rhamnolipid concentration in the range of concentrations used. The HPLC-ELSD method provided a sensitive and accurate method to determine the aqueous concentrations of individual rhamnolipid components without need for prior derivatization.
Batch adsorption experiments. Adsorption isotherms were determined for the total surfactant and for the individual components using batch incubations with the Borden and Eustis soils (Fig. 4.2-3) . The isotherms were composed of three regions. Up to 40 µM C20 components (region I), the isotherms were a concave function of concentration. Especially for the Borden material, the adsorbed concentration of C20RL1 and C20RL2 in the first part of this region was rather high, indicating strong interactions between rhamnolipid and adsorption sites (Fig. 4.2b) . Subsequently, in region II, the adsorbed concentrations showed a more pronounced increase with increasing aqueous concentration, indicative of secondary interactions between adsorbed surfactants. The isotherms reached a plateau value at concentrations of approximately 300 µM C20 components (region III). Region I and II could not as well be distinguished with the Eustis soil as with the Borden material.
The composition of the surfactant remaining in solution changed due to preferential adsorption of the hydrophobic components. For instance, the mole fractions of C18RL2, C18RL1, C20RL2, C20RL1, C22:1RL2, and C22RL2 in the mixture that remained in solution after adsorption to Borden soil at an aqueous surfactant concentration of 404 µM were 0.13, 0.11, 0.62, 0.13, 0.01, and 0.01, respectively. From a comparison with the values for the initial mixture (Table 4 .1), it is apparent that the aqueous phase was enriched with the hydrophilic C18 components and depleted of the relatively hydrophobic components C20RL1, C22:1RL2, and C22RL2. The concentration-dependence of the preferential adsorption of the hydrophobic components was examined by plotting the ratio of aqueous C20RL1 over total aqueous C20 components as a function of the total aqueous concentration of C20 components (Fig. 4.4) . A decrease in this ratio indicates preferential adsorption of the hydrophobic component C20RL1. For the Borden material, the ratio was scattered around the initial value when the concentrations of C20 components were below 40 µM, indicating that preferential adsorption was not detected in region I (Fig. 4.4A) . In region II, this ratio was lower (e.g. 0.24 at 150 µM, Fig. 4 .4A) than with the initial mixture (0.34, Table 4 .1).
In the third adsorption region, the ratio of aqueous C20RL1 over total aqueous C20 components increased with increasing aqueous surfactant concentration and finally approached the initial value. This is due to accumulation in the aqueous phase of all surfactant that is added after the plateau is reached. For the Eustis soil, the ratio was lower than the initial value for virtually all concentrations (Fig. 4.4B ). These results show that the composition of the surfactant in the aqueous phase was influenced by preferential adsorption of the more hydrophobic components. To determine if the onset of micellization was the cause of surfactant adsorption reaching a plateau, the cmc was determined for a rhamnolipid mixture that remained in solution after adsorption to Borden soil. After adsorption, the aqueous rhamnolipid concentration was 404 µM total surfactant (303 µM C20 components), which was close to the concentration where the adsorption plateau formed (200 µM C20 components, Fig 2B) . The cmc of this post-adsorption mixture was 310 ± 21 µM (232 µM C20 components) (Fig. 4.5 ). This indicates that micelles started to form at the concentration where the adsorption plateau was reached, and suggests that the occurrence of the plateau was indeed caused by formation of micelles.
The cmc of the post-adsorption mixture was significantly higher than the cmc of the initial surfactant mixture, which was 148 ± 15 µM (114 µM C20 components) (Fig. 4.5) . The difference in cmc was presumably caused by the removal of the more hydrophobic components from the mixture by preferential adsorption. The dependence of the cmc of rhamnolipid mixtures on their composition is confirmed by the observation that the cmc of a separately produced rhamnolipid batch with lower amounts of C18 components and higher amounts of C22 components was reduced to 77 ± 6 µM (mole fractions for Column studies. The adsorption of the multicomponent surfactant to Eustis soil and Borden aquifer material was also studied under continuous flow conditions using column experiments. The hydrodynamic properties of the columns were determined with pentafluorobenzoic acid as a conservative tracer. The breakthrough curves of this tracer were sigmoidal in shape and showed no tailing. Peclet numbers for the conservative tracer were greater than 100 for all columns. This indicates that physical nonequilibrium effects were absent and that the columns were packed homogeneously.
Breakthrough curves of total surfactant and of the individual components were determined for both soils using an influent concentration of 850 µM and 34 µM total surfactant (Fig. 4.6-7) . These concentrations were above and below the cmc of the surfactant, respectively. Breakthrough curves of total rhamnolipid were determined with surface tension measurements. In independent experiments, the breakthrough curves of the individual components were determined with HPLC-ELSD. The breakthrough curves of total surfactant were also calculated from the sum of the aqueous concentrations of the four most abundant components in each effluent sample. These breakthrough curves matched the curves as obtained from surface tension measurements, indicating that the techniques were complementary. The retardation factors for the rhamnolipid components in Eustis soil were independent of the pore-water velocity for the velocities tested (15 to 100 cm/h).
To determine whether transport of rhamnolipid in soil columns was influenced by rate-limited adsorption, the flow was interrupted during breakthrough or during elution of rhamnolipid for a period ranging from 1 to 16 h (two examples shown in Fig.  4.8) . If nonequilibrium effects exist, a change in effluent concentration would be observed after interruption and subsequent recommencement of the flow (Brusseau et al., 1989) . It was observed that changes in effluent concentration were absent for all components, at both influent concentrations and for both soils, indicating that transport of rhamnolipid was not affected by rate-limited adsorption.
The breakthrough curves of the individual rhamnolipids and of total rhamnolipid at both influent concentrations were characterized by a steep front, a fast decrease in effluent concentration after elution with a rhamnolipid-free solution, and extended tailing in the distal part for both soils. For instance, the total surfactant concentration in the column effluent in experiments with an influent concentration of 850 µM became lower than 2 µM only after 200 or 70 pore volumes after rhamnolipid was no longer applied to the column for Borden or Eustis soil, respectively. This extreme tailing could not be determined for the individual components because concentrations fell below the detection limit. Retardation factors for total surfactant and for all components were higher at C0 = 34 µM than at 850 µM (Table 4 .2). This behavior can be explained by the nonlinear (concave) adsorption isotherms of total rhamnolipid and of the individual components in the concentration range of the experiment. Retardation factors for the C20 monorhamnolipid were higher than for the C20 dirhamnolipid for both soils and at both influent concentrations (Table 4 .2). The retardation factors were also higher for the C20 components than for the C18 components (Table 4 .2). These differences show that the components adsorbed to a different extent. This effect was most pronounced at the lowest value of C0. As a result of differences in retardation between the components, the composition of the aqueous phase in the column effluent changed during breakthrough of the multicomponent surfactant.
Comparison of surfactant adsorption in batch and column studies. The adsorbed concentration of the components in the column studies at full breakthrough was calculated from the retardation factors, using the formula Si=θ/ρ(R-1)miC0, where Si is the adsorbed concentration of component i and mi is its mole fraction in the initial mixture. This concentration was compared to the adsorbed concentration that was observed at the same aqueous concentration of miC0 of the same component during the batch experiments. At the supramicellar C0 of 850 µM, the adsorbed concentration for all components was a factor 2 and 5 larger under continuous flow conditions than in the batch studies for Borden and Eustis, respectively. At C0 = 34 µM, the difference was a factor 1 to 1.6 for all the components in both soils. The adsorbed surfactant concentration at a certain aqueous concentration may differ between column studies and batch experiments because adsorption of individual components in surfactants mixtures depends on the composition aqueous phase (Trogus et al., 1979) . The composition of the mobile phase at full breakthrough in column studies is different from the final composition in batch adsorption studies. The lower degree of surfactant adsorption in column experiments may also be attributed to the presence of shear stress during continuous flow conditions (Kwok et al., 1995) . Shear stress might counteract formation of surface aggregates and thereby reduce adsorption. This could be the reason for the larger difference between adsorption in batch and column experiments at higher C0, since surface aggregates will be present mainly at the higher C0.
Isotherm shape. The observed isotherms of rhamnolipid adsorption to soil were composed of three regions: region I where sorption is determined by interactions between individual surfactants and soil, region II with a more pronounced increase of adsorbed concentration at increasing aqueous concentration due to secondary interactions between adsorbed surfactants, and an adsorption plateau. The results indicate that the formation of this adsorption plateau was caused by the onset of micellization. This implies that surfactant adsorption was determined by the concentration and composition of the monomeric surfactant (Trogus et al., 1979; Mannhardt and Novosad, 1991 Surfactant composition and cmc. The cmc of the post-adsorption surfactant mixture was higher than the cmc of the initial mixture, which may be explained by preferential adsorption of hydrophobic components and enrichment of the less hydrophobic components in the aqueous phase. The cmc of surfactant mixtures usually is determined by the individual cmc values of the components, by their mole fractions and by their activity coefficients (Nishikido, 1993) . Since the cmc of a surface active compound generally increases with decreasing hydrophobicity (Somasundaran et al., 1964; Van Os et al., 1993) , the critical micelle concentration of a surfactant mixture increases when the mixture is enriched in hydrophilic components.
Nature of the adsorption process. Adsorption of rhamnolipid to soils in region II and III was not primarily determined by the soil organic carbon content. This is apparent from the retardation factors for total rhamnolipid at C0 = 850 µM for the Borden material and Eustis soil (this study) and for Bonify and Vinton soil (Chapter 2). Bonify and Vinton soil are sandy soils with an organic carbon content of 0.36% and 0.09%, respectively. The retardation factors for total rhamnolipid were not correlated with the organic carbon content of these four soils (Table 4 .2). The amount of rhamnolipid adsorbed at the plateau region in the batch experiments was also not dependent on the organic carbon content of the soils since the amount of surfactant adsorbed per amount of organic carbon differed ten-fold for Borden and Eustis soil, with values of 2.2 and 0.20 mg surfactant/mg organic matter, respectively. The anionic character of the rhamnolipid surfactants might counteract partitioning into the negatively charged humic matter. Adsorption of an alcohol ethoxylate and alkylbenzene sulfonates to sediments was also not correlated to the soil organic carbon content (Hand and Williams, 1987; Cano and Dorn, 1996) . In contrast, sorption of hydrophobic organic compounds to soil is often determined by the soil organic matter content, and is therefore assumed to be a partitioning process instead of an adsorption process (Schwarzenbach et al., 1993) . Sorption of phenanthrene to the four soils mentioned here was indeed correlated to the soil organic matter content (Chapter 2). These results imply that adsorption of rhamnolipid was an adsorption process occuring at the soil-water interface and not a partitioning process into soil organic matter.
Both in the batch and column studies, the adsorptivity of the components (defined as the percentage that was adsorbed) corresponded to the relative retention times of the (protonated) components in the isocratic reversed-phase HPLC system in the order of C18RL2 < C18RL1 < C20RL2 < C20RL1 (Fig. 4.1, Table 4 .1). The increase of adsorptivity of the components with increasing hydrophobicity suggests that adsorption of rhamnolipid components was driven by hydrophobic interactions. However, the lower mole fraction of C20RL1 than for C20RL2 in the initial mixture may also cause adsorption of C20RL1 to be relatively larger than for C20RL2 since the overall shapes of the isotherms were concave. A correlation between the degree of (preferential) adsorption of nonionic and anionic surfactant components and their hydrophobicity has also been observed for adsorption to soil (Kibbey and Hayes, 1997) and to sediment (Hand and Williams, 1987; Cano and Dorn, 1996) . Hydrophobic interactions determined the concentration where region II started for isotherms adsorption nonionic surfactants on silica (Somasundaran et al., 1964; Portet et al., 1996; Somasundaran and Krishnakumar, 1997) . Evidence for the importance of hydrophobic interactions for adsorption of surfactants also stems from thermodynamic analysis of surfactant adsorption (Somasundaran et al., 1964; Mehrian et al., 1993; Kronberg et al., 1995) . The positive correlation of the adsorptivity of the rhamnolipid components with their hydrophobicity, and the absence of a positive correlation between the degree of adsorption and the soil organic matter content, suggests that adsorption of rhamnolipid to soil in regions II and III involved the formation of surface aggregates, such as hemimicelles or admicelles. These types of aggregates have been observed with AFM for adsorption of other surfactants containing two headgroups and two tails (gemini surfactants) (Manne et al., 1997) .
CONCLUSIONS
The results from this study indicate that rhamnolipid adsorption to soil is an interfacial adsorption process which is driven by hydrophobic interactions between the rhamnolipid components. The adsorption of total surfactant and of the individual components increased with increasing total aqueous surfactant concentration up to a level where micelles started to form. Due to preferential adsorption, the composition of surfactant mixture remaining in the aqueous phase changed, both in the batch and column experiments. The changes in composition of the multicomponent surfactant due to adsorption affected the cmc of the surfactant mixture, and potentially also the solubilizing or emulsifying properties. To avoid the occurence of changes of composition during application of mixed surfactants for enhanced oil recovery or soil remediation, high surfactant concentrations (>>cmc) should preferably be used. Due to the overall concave shape of the adsorption isotherms, relative surfactant losses and changes in composition will then be minimal.
